Infections and outbreaks caused by multidrug-resistant Acinetobacter baumannii (MDR-AB) are prevalent and have been reported worldwide over the past 20 or more years. Class 1 integron in MDR-AB plays an important role in the spread of antibiotic resistance in clinical settings. This study has been conducted to evaluate the detection of metallo-b-lactamase, characterization of class 1 integron and determination of clonal relatedness among A. baumannii hospital isolates. Sixty-five clinical isolates of MDR-AB were recovered from two Iranian hospital's intensive care units from February to August 2013. Integrase (intI1) and bla IMP genes were detected in 70.8 % (n=46/65) and 9.23 % (n=6/65) of the isolates using PCR assay, respectively. No other metallo-b-lactamase genes (bla VIM , bla SIM and bla NDM ) were detected. PCR sequencing of integron gene cassette revealed the following arrays: bla OXA10 -aacA4-bla IMP-55 -cmlA5 (as a novel array was designated In1243), aacC1 and aadA1. Analysis of bla IMP gene revealed a new allele designated as bla . Gene transfer experiment by conjugation showed the 36 kb conjugative plasmid harbouring In1243. The clonal assessment by repetitive extragenic palindromic PCR demonstrated a high-degree relatedness among the strains, but strains harbouring In1243 displayed a different repetitive extragenic palindromic PCR profile. In this study, we found that a novel class 1 integron (In1243) that encoded a new bla IMP allele resided on a transferable plasmid in non-clonal strains of MDR-AB.
INTRODUCTION
Increasing multidrug-resistant Acinetobacter baumannii (MDR-AB) strains detected in different hospitals are a global crisis to healthcare system and cause serious concerns in the treatment of patients infected with this bacterium (Fournier et al., 2006; Maragakis et al., 2008) . High-level resistance to third-generation cephalosporins, quinolones, aminoglycosides, tetracycline and chloramphenicol is widespread in clinical isolates (Shahcheraghi et al., 2011; Lin et al., 2014; Manchanda et al., 2010; Necati Hakyemez et al., 2013) . Therefore, treatment regimens often rely on carbapenems and colistin (CLS) (Lin et al., 2014; Sinirtas et al., 2009) . A number of resistance mechanisms to several classes of antibiotics are known to exist in A. baumannii, including b-lactamases, aminoglycoside-modifying enzymes, multidrug efflux pumps, permeability defects and the alteration of target sites (Lin et al., 2014) . The spread of multidrug-resistant determinants in A. baumannii is mostly through horizontal gene transfer (HGT) that gains clusters of genes encoding resistance to several antibiotic families (Lin et al., 2014; Carattoli et al., 2001) . Class 1 integron is the most common and widely distributed among Gram-negative bacteria and clinically important elements associated with multiple antibiotic resistance (Gallego et al., 2001) . It has been suggested that multiresistant isolates of Acinetobacter spp. may act as a reservoir of integron-associated antibiotic resistance genes, which could then spread to other bacteria in hospital settings (Gallego et al., 2001; Ploy et al., 2000) . Sung et al. (2014) demonstrated that 89 % of MDR-AB isolates harbour class 1 integron.
Metallo-b-lactamases (MBLs) and oxacillinases (OXAs) are the two main groups of carbapenemases in A. baumannii. OXA-type b-lactamases are responsible for the most common type of carbapenem resistance via enzymatic degradation (Zarrilli et al., 2009) . Although MBLs are not the predominant carbapenemases in A. baumannii, VIM, IMP, SIM and NDM metallo-b-lactamases have been found to contribute to the high-level resistance to carbapenems (Lin et al., 2014) .
One of the major cassette-borne resistance genes reported in class 1 integron in recent years is the bla IMP gene encoding metallo-b-lactamase IMP belonging to molecular class B of b-lactamase (Hu et al., 2009) . The IMP variants confer a high level of carbapenem resistance in A. baumannii isolates, as well as the very broad substrate specificity of IMP enzymes, including oxyiminocephalosporins, carbapenems and serine b-lactamase inhibitors, which accounts for their important clinical relevance (Poirel et al., 2006; Laraki et al., 1999) . To the present time, 54 alleles of bla IMP have been described. Nine of the alleles (IMP-1, IMP-2, IMP-4, IMP-5, have been found in A. baumannii (http://www.lahey.org/studies/; Lin et al., 2014) .
The objectives of the present study were detection of MBLs, characterization of class 1 integron and determination of clonal relatedness among A. baumannii strains isolated from the intensive care units (ICUs) of two hospitals.
METHODS
Sampling. During a 7 month period (from February to August 2013), a total of 65 consecutive non-duplicate A. baumannii strains were isolated from hospitalized patients in the ICUs of two general hospitals (A and B) in Kerman, southeast of Iran. The isolates were identified as A. baumannii according to the analytical profile index 20NE protocol (bioM erieux) and genetically verified by the presence of bla OXA-51 gene (Turton et al., 2006) .
Antimicrobial susceptibility testing. Susceptibility testing was performed by the disk diffusion and MIC methods according to Clinical and Laboratory Standards Institute guidelines. The following discs were used (Mast Group) (micrograms per disc): tetracycline (30), amikacin (30), tigecycline (15), CLS (10), gentamicin (GEN; 10), piperacillin (PIP; 100), ciprofloxacin (CIP; 5), levofloxacin (5) ceftazidime (CAZ; 30), cefotaxime (30), tobramycin (10), amoxicillin/clavulanic acid (30), rifampin (30), cefixime (5), nalidixic acid (30) and IMP (10). MICs of the CIP, GEN, PIP/tazobactam, CAZ and IMP were determined by E-test strip (Hi-Media) test as described by the manufacturer's instructions. MICs of the CLS were determined by E-test strip (Hi-Media) as described by the manufacturer's instructions and also by colistin sulfate (Sigma) broth dilution as described previously by Arroyo et al. (2005) . Isolates at least resistant to three classes of antibiotics were considered as MDR-AB as previously described by Manchanda et al. (2010) . Escherichia coli ATCC 25922 was used as a reference strain.
MBL screening. Presence of the MBL enzyme among A. baumannii strains was tested by disk synergy test and UV spectrophotometry as described previously by Aktaş & Kayacan (2008) and Bernabeu et al. (2012) .
Detection of MBL genes by PCR. All isolates were screened for the presence of bla VIM , bla IMP , bla SIM and bla NDM genes using a PCR protocol previously described (Mendes et al., 2007) . The whole genomic DNA was extracted from single colonies using the DNA genomic extraction kit (Thermo Scientific). DNA amplification was conducted in temperature gradient thermal cycler (Biometra-T300 gradient). The list of primers used in this study is shown in Distribution and characterization of class 1 integron. PCR assays for integrase gene (intI1) and conserved segment were performed by a set of primers as shown in Table 1 . PCR walking-sequencing strategy was employed to get the complete array of gene cassettes in the internal variable region of class 1 integron using the primers as shown in Table 1 . Sequencing of the purified DNA was performed by the Bioneer Company with Sanger dideoxy chain termination method using Applied Biosystems 3730/3730Xl DNA Analyzers (Applied Biosystems). Overlapped individual fragment gaps were then manually assembled using CLC main workbench software version 5.5 (CLC Bio).
Plasmid analysis. Plasmid extraction from six strains was performed using the Gene JET Plasmid Maxi Prep Kit (Thermo Scientific). The plasmid bands were observed on 0.75 % agarose gel. The plasmid extraction of these isolates was digested with EcoRI restriction enzyme (Fermentas), and restriction patterns were compared.
Conjugation experiment. Conjugation between A. baumannii strain 56 as the donor and E. coli DH5a Nal r /Rif r (nalidixic acid and rifampin resistant) as the recipient was carried out by membrane filter technique as described previously by Shakibaie et al. (1998) . The transconjugants were selected on nutrient agar medium containing both Rif (64 µg ml À1 ) and IMP (16 µg ml À1 ). Conjugation frequency was calculated as the number of transconjugants divided by the number of recipient colony multiplied by dilution factor. Plasmid was detected in transconjugants through plasmid isolation followed by gel electrophoresis. Using specific primers (Table 1) , PCR was performed to verify the presence of bla IMP in the E. coli transconjugants.
Repetitive extragenic palindromic PCR. To study the clonal lineage of the A. baumannii isolates, whole genomic DNA preparations were prepared for computer-assisted repetitive extragenic palindromic PCR (rep-PCR) typing using primer combinations rep-1 and rep-2 (Table 1) as described previously by Bou et al. (2000) . Banding patterns were analysed by Gel Compare II software version 4.0 (Applied Maths). Degrees of homology were determined by Dice comparisons, and clustering correlation coefficients were calculated by the unweighted pair group Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11
On: Sun, 04 Aug 2019 12:13:04 method with arithmetic averages. Clusters were considered at 80 % similarity cut-off.
RESULTS

Clinical data and antimicrobial susceptibility
In this study, the frequencies of the isolates recovered from tracheal aspirates, urine, blood and other samples such as catheter-associated samples were 43.1 % (n=28), 27.7 % (n=18), 7.7 % (n=5) and 21.5 % (n=14), respectively. The patient's data analysis showed that 38 % (n=25) were 50 years old, the average length of hospitalization was 5±2 days and 18.5 % had previous treatments with either cephalosporin or aminoglycoside antibiotics.
The disk diffusion susceptibility testing revealed that 100 % (n=65) of the isolates were resistant to CAZ, cefixime, levofloxacin, CIP, PIP and GEN, followed by 81 % (n=53) that were resistant to IMP. The isolates showed high MIC values to CIP, CAZ, GEN, PIP/tazobactam and IMP as presented in Table 2 . However, 89.2 % (n=58) and 86.2 % (n=56) of the isolates were susceptible to tigecycline and CLS (MIC 90 , 0.5 µg ml
À1
).
Clonality of carbapenem-resistant A. baumannii
The number of DNA fragments amplified in the rep-PCR ranged from 7 to 18. The size of visible bands varied between 0.1 and 2.5 kb. Among 65 A. baumannii strains, 10 different rep-PCR patterns were found with an 80 % similarity cut-off and designated as 1-10 clusters ( Table 2 ). The largest one belonging to cluster-1 (Cl-1) contained 22 strains isolated from the same hospital, followed by Cl-3 which contained 12 strains. Other strains were singleton or small clusters containing two to four isolates (Fig. 1) . The similarity of the majority of the rep-PCR-generated patterns revealed a high degree of clonal relatedness among strains, but the strains harbouring bla IMP displayed a different rep-PCR profile. Clonal relationships showed the spread of Cl-1, Cl-2 and Cl-3 in the ICU of hospital A in Kerman, Iran.
Prevalence of MBL genes
Screening tests for the detection of MBL by disk synergy test and UV spectrophotometry revealed that 9.2 % (n=6/65) of A. baumannii strains possess MBL activity. All strains were analysed for MBL genes using PCR. bla IMP was detected in six (9.2 %) isolates (strains No. 14, 18, 37, 42, 47 and 56) ( Table 2) . No other MBL genes, including bla VIM , bla SIM and bla NDM , were detected.
Description of a novel IMP variant (bla IMP-55 )
Sequencing of the bla IMP gene revealed that bla IMP-55 is an allelic variant of the bla IMP gene . (GenBank: KU299753). Sequence analysis showed that bla IMP-55 is related to the bla IMP-1-like gene from Pseudomonas aeruginosa (GenBank: ABF70513.1) and displayed four amino acids change at positions 12 (Ile12Phe), 31 (Glu31Asp), 172 (Phe172Leu) and 185 (Lys185Asn). *The primer rep-1 contains the nucleotide inosine (I) at the start of 3¢ position. 
Prevalence of class 1 integron
The presence of class 1 integron was detected by amplification of the intI1 in 70.8 % (n=46/65) of A. baumannii isolates. The distribution of gene cassette arrays among the strains is presented in Table 2 . The amplification products for three band sizes were 514 (including aacC1), 841 (including aadA1) and 4022 base pairs. The frequencies of aacC1 and aadA1 were 47.7 % (n=39/65) and 60 % (n=39/ 65), respectively.
The 4022 bp DNA band (n=6/65) comprising bla OXA10 -aacA4-bla IMP-55 -cmlA5 was deposited in GenBank database (accession no. KT935306.2). Moreover, it was designated by INTEGRALL database (http://integrall.bio.ua.pt/?acc= KT935306) as In1243 (Fig. 2) .
Plasmid analysis and conjugation experiment
The plasmid in six strains and transconjugants had the same molecular weight (~36 kb) and digestion pattern. Conjugation assay revealed that horizontal transfer of the IMP-resistant phenotype (IMP, 64 µg ml
À1
) occurred from A. baumannii strain no. 56 as a donor to E.coli DH5a as a recipient cell with frequency of 4.6Â10 . The presence of bla IMP gene in the E. coli transconjugants was confirmed by PCR.
DISCUSSION
A. baumannii as a cause of hospital-acquired infections has a versatile capability to collect many antimicrobial resistance genes. Because of this devastating potential, the emergence of MDR-AB is considered as a worldwide crisis (Dijkshoorn et al., 2007) . The integrons can serve as vehicles for intraspecies and interspecies gene transfers (Poirel et al., 2006) . Recent data indicate the role of class 1 integrons in the spread of MDR-AB in different hospitals in Europe and other parts of the world. Class 1 integrons carry different gene cassettes and are predominant among bacteria in the hospitals (Huang et al., 2008; Lin et al., 2010) . Epidemic strains of A. baumannii have been found to contain significantly more integrons than non-epidemic strains (Koeleman et al., 2001) . Therefore, integrons are regarded as useful markers for epidemic strains of A. baumannii, and their typing can provide valuable information for epidemiological studies (Gaur et al., 2007; Turton et al., 2005) .
Our results showed that the class 1 integron in MDR-AB is a repertoire of aminoglycoside-modifying enzymes. In this study, aacA4, aadA1 and aacC1 genes were detected in class 1 integrons. AacA4 aminoglycoside N(6¢)-acetyl transferase is an enzyme that modifies and inactivates aminoglycoside antibiotics such as kanamycin, neomycin, tobramycin and amikacin. AadA1 has aminoglycoside 3¢-adenylyltransferase activity which is associated with streptomycin and spectinomycin resistance. AacC1 gentamicin 3¢-acetyltransferase conveys resistance to gentamicin only (Ramirez et al., 2010) . High prevalence of aacC1 gene associated with class 1 integron in MDR isolates may be due to inordinate prescription of aminoglycosides in clinical settings and might also be due to a clonal spread of one A. baumanni clone. Asadollahi et al. (2011) aphA6 (90 %), aadA1 (82.5 %), aacC1 (65 %) and aadB (20 %), respectively. OXA, a class D b-lactamase, which hydrolyses oxacillin, is reported in P. aeruginosa but has been detected in many other Gram-negative bacteria. The majority of OXA-type enzymes are resistant to b-lactamase inhibitors. OXA-10 hydrolyse cefotaxime, ceftriaxone and aztreonam, thus providing most organisms with reduced susceptibility to these antibiotics (Naas et al., 2008) .
Some investigations about resistance gene cassettes associated with class 1 integron were performed in Iran. One study has shown that class 1 integron prevalence in carbapenem-non-susceptible A. baumannii isolates was 84 %. The most prevalent (33 %) cassette combination was aacA4-catB8-aadA1 (Farshadzadeh et al., 2015) . Moreover, Salimizand et al. (2014) detected class 1 integron in 11 % (6/54) of clinical isolates. Two arrays of gene cassette, i.e. dfrA5-like and dfrA17-aadA5, were revealed (Salimizand et al., 2014) . Japoni-Nejad et al. (2013) showed that 62 (98.4 %) of 63 isolates carried a class 1 integron. Sequencing of class 1 integrons revealed the presence of many resistance genes (aadA, aacA, aacC, dfrA, bla GES and bla IMP ). The new gene cassette which contained aacA7-qacF-aadA5-bla IMP was detected in A. baumannii clinical isolates (Japoni-Nejad et al., 2013) . It seems that distribution of class 1 integrons and gene cassette arrays has high diversity among A. baumannii clinical isolates.
In this study, we characterized a novel class 1 integron gene cassette array in clinical isolates of A. baumannii bearing bla IMP-55 as a new variant of this gene. Our analyses showed that in the variable region of In1243, there are four resistance genes that have two attC sites. Having two attC sites may be due to integration of DNA circular elements that contained two resistance genes with one attC site or may be as results of fusion or homologous recombination of two integrons.
Resistance genes of In1243, in turn, are as follows: bla OXA-10 (OXA-10), aacA4 (aminoglycoside N(6¢)-acetyltransferase), bla IMP-55 (MBL) and cmlA5 (chloramphenicol efflux protein). In1243 has been detected in two clinical settings under the present study. Gene transfer by conjugation showed that the In1243 is located on the transferable plasmid. This capability gives rise to dissemination of carbapenem resistance in hospitals. However, In1243 showed a low prevalence in clinical isolates (9.2 %). The cassette arrangement of In1243 was very similar to that of P. aeruginosa strain PA255 class I integron (GenBank: DQ984668.1), which carries bla OXA-10 , aacA4 and cmlA1-like but lacks the bla IMP -like gene.
In hospitals, there are antibiotic selective pressures due to high-level prescription of antimicrobial agents. Resistant bacteria are circulated in clinical settings by clonal expansion and HGT (Koornhof et al., 2001; Juhas et al., 2009) . rep-PCR has been proven to be an expedient and useful method for the epidemiological investigation in order to determine species lineages of A. baumannii nosocomial outbreaks (Bou et al., 2000; Lin et al., 2014; Misbah et al., 2004) . This method has the advantage of being faster to perform than multilocus sequence typing and PFGE, despite the inter-laboratory variability. (Lin et al., 2014) . In the present study, rep-PCR analysis showed 10 clusters and several singletons. The largest one belonging to cluster-1 (Cl-1) contained 22 strains isolated from the same hospital, followed by Cl-3, which contained 13 strains. This relationship was not observed among strains harbouring In1243. So we assume that In1243 may be acquired from other bacteria in hospital environments, and original hosts could be closely related. This finding also suggests that In1243 harbouring bla IMP is acquired through HGT and is expanding among non-clonal A. baumannii strains. Furthermore, present findings suggest that the environmental reservoir of bla IMP-55 could be widespread and has the potential risk of transfer to clinically relevant species. 
